Abstract: Spring Valley, Nevada, is one of several areas proposed for the pumping and export of ground-water to Las Vegas by the Southern Nevada Water Authority. Long-term annual-to-decadal variability of water supply in the region is not well understood, so tree-ring records were used to develop a longer baseline of variability in streamflow and drought episodes. Long-lived (up to about 600 years), climatically sensitive single-leaf pinyon pine (Pinus monophylla) trees within the Cleve Creek watershed provided a 550-year (1458-2007) tree-ring chronology that was compared to water-year mean monthly runoff from USGS gauge 10243700. Using a proxy record from within the watershed under study increased confidence in the statistical relationships used for streamflow reconstruction. Linear correlation between the tree-ring chronology and the streamflow record over 34 years of overlap was 0.73, explaining 53% of the instrumental variance. After comparison with multiple linear regression and linear regression with transformed data, the line of organic correlation (LOC) method was used to develop a streamflow reconstruction with water-year resolution from 1458 to 2007. During these 550 years, a total of 257 wet and dry episodes were quantified according to their duration, magnitude, and peak. The longest episode was 1848-1855 (an 8-year wet spell); the greatest magnitude belonged to the drought of the mid-1600s (1652-1655); the three highest peaks all corresponded to dry episodes, 1506-1508, 1590, and 1933-1936. Using a numerical scoring rule, the 1930s drought (1933)(1934)(1935)(1936) was in eighth position, making it one of the most remarkable episodes in the past half millennium. This result is not entirely consistent with recent dendroclimatic reconstructions for the eastern Sierra, suggesting that regional drought severity varies by locality within the Great Basin. Evaluating the responses of trees at multiple elevations to various local climate and hydrological parameters through in situ monitoring will help refine tree-ring reconstructions of past ecohydrological conditions.
Introduction
The western USA is heavily dependent on limited freshwater resources, and Nevada is one of the most arid states in the country. The main source of water for the American Southwest, including the metropolitan areas of southern Nevada, is the Colorado River system, which until the past decade was managed based on expectations of annual streamflow computed in the 1920s from only two decades of gauged data. Nearly 90 years later, it is increasingly clear that an anomalous wet period ("pluvial") of the early 1900s caused an overestimation of available water resources, resulting in overallocation of Colorado River streamflow (National Research Council 2007) . Much of Nevada and portions of Idaho, Utah, and southern California lie within the Great Basin, a geomorphic region of interior drainage characterized by generally northtrending mountain ranges and intermontane valleys. Extensive investigation is presently under way to assess the viability of ground-water resources within some Great Basin valleys to augment the Colorado River as a water resource for this region.
In the Great Basin, water primarily arrives as snowfall and leaves as evapotranspiration (ET; Rush and Kazmi 1965) . Along the way, the water may travel any number of paths, including surface runoff, shallow infiltration, deep infiltration, storage, ET discharge, subsurface intervalley discharge, spring discharge, or extraction (Welch et al. 2008) . At varying scales, changes in either climate or usage patterns can result in altered dynamic natural equilibria between all segments of the water budget, whereby changes in one variable affect the others, both upstream and downstream in the flow path (Theis 1940; Viessman Jr. et al. 1989) . Historically sparse instrumentation in the Great Basin provides a challenge to evaluating both input and discharge over such a large area (Redmond and Koch 1991) . In eastern Nevada, ground-water resources in and around Spring Valley have been utilized to a limited extent since the late 1800s for agricultural, mining, and municipal purposes, and are currently being pursued for export by water purveyors. The resolution and accuracy of hydrologic models used in this region depend in part on streamflow data from mountain block catchments to calibrate runoff and recharge estimates (Welch et al. 2008) ; hence, water managers and stakeholders would benefit from information on long-term estimates of hydrologic variability.
High-resolution paleoclimate data such as tree-ring records, can allow water managers to examine drought episodes in a longer context for evaluating their effects on water supply (Loaiciga et al. 1993; Meko and Woodhouse 2011; Stockton and Jacoby 1976) . Single-leaf pinyon pine (Pinus monophylla) is present across the Great Basin (Tueller et al. 1979 ) and it can be crossdated with high reliability, all while being long-lived (> 500 years) and highly sensitive to drought (Biondi and Strachan 2009) . Pinyon pine and other Intermountain West conifers have long been utilized for drought and streamflow reconstructions by dendrochronologists and paleohydrologists (Meko et al. 2001; Wise 2010; Woodhouse et al. 2006) .
Methodologies for tree-ring reconstructions of streamflow vary both in field sampling and analytical approaches. Depending on the size of the watershed being evaluated and the number of regional tree-ring records available, the number of tree-ring chronologies used for reconstructions can fluctuate from two (Carson and Munroe 2005) to 62 (Woodhouse et al. 2006 ). In addition, it is common for reconstructions to combine multiple species into the final tree-ring record used for calibration and reconstruction (Axelson et al. 2009; Biondi et al. 2010; Cook and Jacoby 1983) . Processing of tree-ring records and chronology development can also vary across studies: standardization (Fritts 1976 ) of the individual tree-ring measurements has been performed by fitting a negative exponential or straight line (Stockton and Jacoby 1976) , a smoothing cubic spline (Wise 2010) , or multiple curve types (Axelson et al. 2009; Woodhouse et al. 2006) . Tree-ring data are often prewhitened to remove what is seen as biological autocorrelation, but it has been recognized that autocorrelation is also present in hydrologic systems, and so various techniques have been proposed to remove persistence in part or to remove it first for calibration with instrumental records but then add it back into the reconstruction. Stepwise multiple linear regression has often been employed to select which tree-ring chronologies to use as predictors (Wise 2010) . In some cases, principle components analysis (PCA) has been adopted to orthogonalize the predictor pool prior to stepwise regression (Hidalgo et al. 2000; Woodhouse et al. 2006) . Carson and Munroe (2005) used multiple lagged nonprewhitened chronologies as predictors in a multiple linear regression model, with verification statistics suggesting that the model accurately reproduced both the mean and variance of the instrumental streamflow observations. Because of high temporal and spatial variability of hydrometeorological variables across the Great Basin (Redmond and Koch 1991) , accuracy of proxy reconstructions is expected to increase with spatial proximity between the instrumental and proxy records. Thus, this study focuses on an individual watershed, the Cleve Creek basin, whose discharge has not experienced upstream diversion or manipulation and contains a USGS streamflow gauge dating back to 1960. After comparison with another USGS streamflow record in an adjacent basin and with several tree-ring chronologies, ring-width records from multiple single-leaf pinyon trees from inside the watershed were used to develop a multicentury reconstruction of streamflow at annual resolution, which was then used to quantify duration, magnitude, and peak values of hydroclimatic spells.
Study Area
Located in the central Great Basin near the Utah-Nevada border, Spring Valley has a fairly high base elevation of about 1700 m and is flanked by two significant mountain ranges (Fig. 1) . On the east side, the Snake Range ascends steeply from the valley floor, rising to about 4,000 m above sea level. To the west, the Schell Creek Range is almost as high, with peaks up to about 3,650 m. The shape of Spring Valley is typical of Basin and Range topography, over 160 km long and typically 30 km wide from ridge to ridge. Thus, the mountain catchment zones for winter snowfall are quite large compared to the valley area, considering that Spring Valley is not a "sink" or terminus for any regional river systems. Small agricultural settlements have survived in the valley since the mid-1,800's, side by side with a variety of plant and animal communities, some relying on unsaturated soil moisture and others directly tied to the many spring systems and shallow saturated zones that suggest the origins of the valley name.
In Spring Valley, as in most basins in the region, there are deepwater aquifers as well as more shallow, near-surface aquifers that people and ecosystems depend on (Welch et al. 2008) . Snow that accumulates on the steep mountainsides finds its way to the valley aquifers via a network of small streams. The central Schell Creek Range is reported to contribute 62% of the annual runoff into Spring Valley, even though it only comprises 18% of the runoff area (Rush and Kazmi 1965) . Surface water flow is limited to the few creeks that remain above ground during their journey from the mountain block to the valley floor. Because there are few large individual snow catchments, the streambeds are small, and even during peak runoff periods, many of the creeks transition to subsurface flow soon after contacting the massive alluvial deposits that link mountains to valleys.
The most prominent of the creeks feeding Spring Valley is Cleve Creek, which flows out of the central Schell Creek Range on the west side of the valley (Fig. 1 ). Due to catchment size and relatively high elevations within the Cleve Creek watershed, measurable surface water flow occurs at all times of the year. The USGS has been recording daily streamflow at the mouth of the canyon since 1960, with major data gaps in 1968 and 1987 -1990 (U.S. Geological Survey 2009 ). In contrast with many Fig. 1 . Spring Valley location map; the tree-ring site in the Schell Creek Range is coded as SCA, and the location of the Cleve Creek gauge (USGS 10243700) is clearly marked of the other gauged streams in the region, Cleve Creek has not experienced any significant hydrological modification or diversion above the gauge itself.
Field and Laboratory Methods
A master tree-ring chronology from Pinus monophylla was developed from the Schell Creek Range within the Cleve Creek catchment area and labeled as study site "SCA" (Fig. 1) , which stands for "Schell Creek Range A". Standard dendrochronological field procedures were followed, with 4.3 mm-wide increment cores taken from individual trees at or near breast height and from opposite sides of the tree along slope contours whenever possible (Grissino-Mayer 2003) . The pinyon-juniper woodland band that separates the sagebrush steppe community of the lower elevations from the wetter montane and subalpine populations that typically occur above 2,400 m in the ranges of the Great Basin (Charlet 1996) was targeted.
Sample processing was also performed following standard dendrochronological procedures, with cores stored and dried inside paper straws in the field, then transported to the laboratory, where they were glued to grooved wood mounts, progressively sanded (first mechanically, then by hand) until individual cells were clearly visible under a binocular stereozoom microscope with 10-50x magnification. All crossdating (Stokes and Smiley 1996) and locally absent ring assignment was done visually using a microscope prior to ring-width measurement on a Velmex stage with 1-μm resolution. The sample measurement data were then evaluated using the software program COFECHA (Grissino-Mayer 2001; Holmes 1983) . To quantify all-lag sensitivity of the tree-ring samples, the Gini coefficient was used (Biondi and Qeadan 2008a) . The chronology computation process was performed using the dplR library (Bunn 2008) for the R numerical computing package (R Development Core Team 2010).
Because each tree's absolute growth increment is a result of individual biological and ecological processes, dendrochronologists typically "standardize" each growth series in order to remove age-related and other nonclimatic signals (Speer 2010) . While in some cases an average ring-width chronology is useful for interpreting ecologic or climatic trends (Salzer et al. 2009 ), most climate reconstructions are based on removing as much biological or local noise as possible. A cubic smoothing spline (Cook and Peters 1981) was fit to each ring-width series to avoid known issues that affect other types of functions, such as modified negative exponentials (Biondi and Qeadan 2008b) . Ring indices were obtained as ratios between the ring-width measurements and the corresponding spline values. The median of all indices available for a year was used to produce the chronology value for that year, and the final chronology was then normalized, i.e., transformed into standard deviation units (SDU). Identical methods were followed for three other tree-ring chronologies on the periphery of Spring Valley, which, having been developed for a larger climate project, were also used here for initial evaluation as additional predictors in a multiple linear regression model.
Monthly stream discharge was obtained from the United States Geological Survey National Water Information System for the Cleve Creek USGS gauge 10243700, converted to cubic meters per second, and organized by water-year. Because the Cleve Creek gauge record contains numerous data gaps, the Steptoe Creek USGS gauge 10244950 was also used, which has a continuous flow record from 1966 to present. While the Steptoe Creek catchment is smaller than Cleve Creek and is distributed over lower elevations, its proximity immediately on the west side of the Schell Creek Range ensures that it experiences similar hydroclimatic variability in terms of precipitation and evaporation rates. The linear correlation between the Steptoe and Cleve Creek average monthly streamflow is 0.91, so Cleve Creek record gaps were filled using the Steptoe data. The two streamflow series were reduced to standard deviation units and a linear regression was used to estimate missing Cleve Creek values, after which this streamflow series was retransformed back to actual flow values (Fig. 2) .
Statistical relationships between the tree-ring chronology and climate or streamflow data were explored during the water-year (October-September) using bootstrapped correlation and response functions (Biondi and Waikul 2004) . Monthly total precipitation and mean minimum and maximum temperature for the watershed from 1895 to 2006 were provided by the Parameter-elevation Regressions on Independent Slopes Model (PRISM; Daly et al. 1994 ) dataset at 2.5 arc-minute resolution. Individual station observations were not used because of potential problems with data continuity and the dissimilarity of environments between the study site and local stations. The PRISM project has been shown to reliably take climatic information from a combination of point sources and apply it to gridded locations based on topographic features (Daly et al. 2007) . When comparing the tree-ring record to the streamflow series, four very-high flow years were identified : 1963, 1983, 1984, and 2005. Initially, two statistical methods were evaluated for reconstruction potential: multiple linear regression (MLR) and the line of organic correlation (LOC) procedure (Helsel and Hirsch 2002) . For MLR, the possibility of using additional predictors beside SCA we explored, including three other Pinus monophylla chronologies from the north Schell Creek Range, the south Schell Creek Range, and the north Snake Range (Biondi and Strachan 2009) . Plus or minus one-year lags from all four chronologies were also added as separate predictors, to test for hydrological lags in the watershed outside of the current water-year (Wise 2010) . Stepwise procedures were not used because they can introduce bias in parameter estimation when dealing with time series data (Whittingham et al. 2006) . The LOC method differs from least squares regression, in that it minimizes the sum of the areas of right triangles formed by horizontal and vertical lines extending from observations to the fitted line (Helsel and Hirsch 2002) . The LOC procedure uses the ratio of standard deviations of streamflow and chronology to produce the reconstruction, hence it allows the cumulative distribution function of the proxy runoff record to more accurately reflect that of the instrumental data, including the variance and probabilities of extreme events (Helsel and Hirsch 2002) . Wet and dry spells within the LOC reconstruction were then quantified using duration (the number of continuous time steps exceeding a threshold), magnitude (the sum of values for each episode duration), and peak (the maximum value for each episode duration) of reconstructed episodes (Biondi et al. 2008) .
Another type of reconstruction was obtained by comparing the distribution of the observed streamflow values with several theoretical distributions using the Anderson-Darling (AD) goodnessof-fit test (Stephens 1974) . Optimum, i.e., lowest, AD values were found for the 3-parameter lognormal distribution (0.375), along with Box-Cox (0.376) and Johnson (0.361) transformations, with the normal distribution scoring poorly (1.947). Accordingly, the observed streamflow record was transformed using the Johnson procedure (Johnson 1978 ) and the SCA chronology was regressed against the transformed streamflow, including the four very-high runoff years. The reverse of the Johnson transform was then applied to the reconstructed streamflow, whose time series was returned to the mean and standard deviation of the instrumental data.
Results
A total of 46 increment cores were collected from 23 pinyons. The Schell Creek "A" trees ranged in elevation from 2140 to 2340 m, were located on the northeast side of the canyon, and the maximum separation distance between any two sampled trees was 1.9 km. Crossdating was possible for 40 cores from 20 trees, with maximum tree age of about 600 years (Table 1) . Agreement among yearly growth patterns in sampled trees indicated a climatic response, and the 319-year mean series length allowed for decadal-scale and longer trends to be evaluated (Cook et al. 1995) . The express population signal (EPS; Wigley et al. 1984) varied very little (0.98 to 0.99) using splines with 50% frequency response to periods ranging from 10 to 150 years; a 100-year cutoff was selected to remove the biological trend and preserve most of the interdecadal variance. The SCA tree-ring chronology (Fig. 3 , top graph), which had low first-order autocorrelation, was not prewhitened using Box-Jenkins models (Biondi and Swetnam 1987) . To summarize the Schell Creek Range (SCA) tree-ring chronology used for the final streamflow reconstruction in Monthly PRISM data highlighted a winter/early spring snowfall-driven system. Average annual total precipitation was 364 mm, with 42% of that amount falling during the four wettest months, from February to May. Mean monthly total precipitation drops in June to 23 mm, increases to 27 mm in August, but remains below 30 mm until January (Fig. 4) . Mean monthly maximum and minimum temperature follow a typical bell-shaped pattern during the year (Fig. 4) . The coldest months on average are December 5 1959 1961 1963 1965 1967 1969 1971 1973 1975 1977 1979 1981 1983 1985 1987 1989 1991 1993 1995 1997 1999 (Fig. 4) . Bootstrapped correlation functions showed high positive relationships between the SCA tree-ring chronology and precipitation in April, May, and June. Negative correlations were found with maximum temperatures during roughly the same months, notably April and June-July. The statistical relationship of the SCA treering record with PRISM climatic variables were stationary over the entire instrumental period . The highest correlations with monthly streamflow occurred in the low-flow summer months. Once the monthly runoff values were averaged by water-year, about 53% of the variance (r ¼ 0:73) in the 34-year instrumental streamflow record was explained by the SCA chronology. Infilled Cleve Creek records showed a slightly lower correlation (r ¼ 0:71) with water-year (WY) mean monthly streamflow. After dropping the four very-high flow years (1963, 1983, 1984, and 2005) , the correlation between the SCA chronology and Cleve Creek streamflow increased to 0.79, with an associated 63% R 2 value.
Multiple linear regression performed using the SCA chronology as a predictor, in addition to three other Pinus monophylla chronologies from the Spring Valley area, as well as 1-year forward and backward lagged versions of each chronology, was based on 44 calibration years (1960-2007 minus 1963, 1983, 1984, and 2005) . Two of the three additional tree-ring chronologies were found to be significantly correlated (r ¼ 0:65 and 0.62) to the Cleve Creek record. However, most likely because of the strong tree-ring chronology intercorrelation, high interannual variability, and small watershed scale, none of these additional predictors added significantly to the explained variance in streamflow. As a consequence, only the SCA chronology was used in a simple linear regression model (SLRM) in order to maximize the physical connection between the trees and the watershed.
Comparison between the SLRM and LOC procedures showed that the cumulative distribution function (CDF) of the LOC reconstruction was more similar to the CDF of instrumental streamflow than to the SLRM reconstruction (Fig. 5) . These methods are practically indistinguishable when plotted against instrumental values [ Fig. 6(a) ] and also have the same linear correlation (r ¼ 0:71) with the instrumental values. To address the issue of underprediction of high flow years, the Johnson transformation was also evaluated and compared to the SLRM and LOC reconstructions (Table 1) . While the CDF and linear correlation (r ¼ 0:75) of the Johnson-transformed reconstruction were a slight improvement over the untransformed methods (Fig. 5) , the plot against instrumental values showed overestimation of several runoff peaks, while extremely large values were still underestimated [ Fig. 6(a) ].
Wet and dry episodes were evaluated based on the LOC reconstruction of mean monthly streamflow (SDU) for each water-year from 1458 to 2007 [ Fig. 6(b) ], calibrated on 34 years of overlap with the Cleve Creek instrumental record (r ¼ 0:73). During the 550 reconstructed water years, a total of 257 uninterrupted wet and dry episodes were identified, with durations ranging from 1 to 8 years. Positive episodes indicated wet periods, negative episodes indicated dry periods. The three parameters (episode duration, absolute magnitude, and absolute maximum or peak) were Fig. 3 . Master tree-ring chronology used for reconstruction (above; thin line), and the number of core samples used each year (below); 30-year spline (above; thick line) was superimposed to the annual values (in standard deviation units, SDU) for representing interdecadal patterns Fig. 4 . Monthly climate regime derived from PRISM data (1895-2006) for mean total precipitation (mm), mean maximum temperature (°C), and mean minimum temperature (°C); mean streamflow was obtained from USGS monthly gauge records in cubic feet per second and converted to cubic meters per minute (m 3 min À1 ) separately ranked (with increasing ranks for increasing values), and the three ranks were added to obtain the final score (the higher the score, the stronger the episode, as suggested by Biondi et al. 2008 ). The longest episodes were 1848-1855 (an 8-year wet spell), followed by four 7-year long intervals, two dry (1571-1577, 1492-1498) and two wet ones (1696) (1697) (1698) (1699) (1700) (1701) (1702) (1982) (1983) (1984) (1985) (1986) (1987) (1988) . The greatest magnitudes belonged to the drought of the mid-1600s (1652-1655) and the pluvial of the early 1600s (1601-1606); the 13 highest peaks all corresponded to dry episodes, with the three most extreme ones being 1506-1508, 1590, and 1933-1936. According to this scoring rule, the most remarkable episodes were wet periods in previous centuries, i.e., 1723-1728, 1487-1491, and 1848-1855 (Table 2) ; the 1930s drought (1933) (1934) (1935) (1936) was in 8th position, making it one of the more remarkable episodes in the past half millenium. While other scoring algorithms could be developed for applications that identify drought in different ways or that focus on specific episode characteristics, the method relates to theoretical models explained in detail by Biondi et al. 2008 and references therein.
Discussion
Aquifer recharge in Spring Valley comes from multiple sources, with recent studies indicating that surface runoff accounts for 15-47% of direct natural recharge (Flint and Flint 2007) . Monitoring of water well levels in Spring Valley is ongoing, and although current uses have not significantly impacted water levels in the valley as a whole (Welch et al. 2008) , the periods covered by both well data and streamflow gauge data are relatively short. Therefore, proxy climatic data reflecting drought and water input can be used Fig. 5 . Graph of the cumulative distribution functions of the Cleve Creek gauge gap-filled streamflow record (1960 "Cleve") and the SCA-based reconstructions , showing that the "LOC" and "Johnson" methods provide a closer fit than the "SLRM" one to estimate inflow into the aquifer system over a longer period of time than just the last few decades. Use of long-lived, drought-sensitive trees within the Cleve Creek catchment area allows examination of the preinstrumental variability in streamflow as a proxy for natural ground-water recharge. Specific episodes may also be identified, with particular emphasis on negative fluctuations in response to drought, when low precipitation combines with high evaporation to reduce recharge rates. While the analysis of the main uninterrupted episodes identified the 1930s drought as a remarkable episode, other recent reconstructions with a similar approach inside the Great Basin (Biondi et al. 2008; Biondi et al. 2010) pointed out that the "Dust Bowl" period had been exceeded by many more dry spells in the past, even as recently as the mid-1800s. Those studies were performed using chronologies in the western Great Basin along the Sierra Front, where the climatic regime and storm tracks may differ at the annual-to-decadal-scale from the east-central Great Basin, where Spring Valley is located. Such spatial differences in drought severity are reflected in climatic forecasts [Intergovernmental Panel on Climate Change (IPCC) 2007], and further research will be aimed at clarifying their past occurrence using a more extensive network of moisture-sensitive tree-ring chronologies.
Pinus monophylla wood growth is affected by climatic factors similar to those that govern streamflow, i.e., precipitation and temperature. These effects are amplified by seasonal timing, particularly centered on the springtime (April-June) window, the start of the growth season and the period of greatest streamflow. Precipitation and temperature in turn partly determine the nature of several other processes that are closely related to the beginning, ending, and magnitude of tree growth. Some of these are soil moisture potential, solar radiation, and relative humidity, all of which figure largely in calculations of ET, a variable which arguably is just as significant as precipitation, if not more so, during times of drought (Hanson 1991) . In order to better quantify the relationships between tree rings and climate, intensive field monitoring of atmospheric, hydrologic, and soil conditions along with tree growth will be needed.
A single local tree-ring chronology from within the watershed under study was found to perform adequately compared to adding other tree-ring chronologies from areas further away. It is thought that using colocated instrumental and proxy records provides more confidence in the inferred physical relationships used for streamflow reconstruction. While high flows are not well captured by the tree-ring chronology [ Fig. 6(a) ], this issue is not restricted to relatively small individual watersheds (Loaiciga et al. 1993) . Because tree growth is limited by multiple factors, once the saturation threshold of a certain limiting factor (such as soil moisture) is reached, other limitations come into play. Thus, anomalous high-flow years such as the 1983 one, following the strong, warm El Niño-southern oscillation (ENSO; a climatic mode of variability typical of the tropical Pacific Ocean) event of 1982-1983, were not adequately captured, although the LOC method produced a reconstruction with greater variability than did the SLRM one. Performing the Johnson transformation actually biased the reconstruction toward high flows, and one still would need to properly weigh the extreme events of the 1980s, which greatly influenced the streamflow distribution.
In theory, the choice of the reconstruction model could be tailored to the use or set of questions being asked by the end users of the data. However, if "typical" flows are reconstructed well, hydrological modelers could insert anomalous sequences into the reconstruction similar to those seen in the instrumental record as part of sensitivity analyses. One potential solution to refining the estimates of hydrologic conditions is to develop chronologies from sensitive trees in multiple elevation bands, where a vertical profile of growth-limiting conditions may be developed across multiple time scales. Concurrently with this, evaluating the responses of trees at multiple elevations to various local climate and hydrological parameters through in situ monitoring will help define the physical mechanisms and additionally bolster reconstructions of past conditions at finer scales.
Apart from present or potential future anthropogenic impacts, hydrologic processes in Spring Valley will continue to be affected by fluctuation in both natural input levels to the system and changes in ET rates. Both of these factors are directly related to climate, which changes at multiple time scales (Redmond et al. 2002) . By incorporating hydrologic management and extraction practices that monitor and anticipate potential climatic fluctuations (such as those revealed in this reconstruction), water users both now and in the future can avoid exacerbating negative impacts to aquifers caused by drought episodes (proactive response), without waiting to alter extraction rates until impacts are noticeable (reactive response).
